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(54) Scan Type Exposure apparatus and Method 

(57) [Summary] 
[Task] 

To provide a scan type exposure apparatus that can perform high precision scan 
exposure without depending on the surface precision of a long mirror. 



[Means for Solving] 
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A scan type exposure apparatus comprising a mask 5 on which a pattern is formed, 
a projection optical system that projects a pattern image onto a photo sensitive substrate 6, 
and a first moving mechanism that synchronizes the mask and photo sensitive substrate in 
relation to the projection optical system, and moves these in first direction y that is 
orthogonal to the optical axis of the projection optical system, [the device being] equipped 
with a first reflective mirror 7 that is fixed along the first direction y and that has a reflective 
surface that faces mask 5, a second reflective mirror 8 that is fixed along first direction y 
and has a reflective surface that faces photo sensitive substrate 6, a first interference system 
I my that detects the distance between the mask and first reflective mirror according to the 
movement of the first movement mechanism, a second interference system I py that detects 
the distance between the photo sensitive substrate and second reflective mirror according to 
the movement of the first movement mechanism, and a memory means 26 that stores data 
related to the difference in the degree of flatness of both reflective surfaces obtained based 
on the detection results of both interference systems I my and I py . 

[figure] 
Claims 

[Claim 1] A scan type exposure apparatus comprising a mask on which a pattern is 
formed, a projection optical system that projects the pattern image of said mask onto a 
photo sensitive substrate, and a first moving mechanism that synchronizes said mask and 
said photo sensitive substrate in relation to said projection optical system, and moves these 
in first direction that is orthogonal to the optical axis of said projection optical system, 

the scan type exposure apparatus being equipped with a first reflective mirror that is 
fixed along said first direction and that has a reflective surface that faces a designated end 

surface of said mask, 

a second reflective mirror that is fixed along said first direction and has a reflective 
surface that faces a designated end surface of said photo sensitive substrate, 

a first interference system that detects volume relating to the distance between said 
designated end surface of said mask and said first reflective mirror according to said 
movement of said first movement mechanism, 

a second interference system that detects volume relating to the distance between 
said designated end surface of said photo sensitive substrate and said second reflective 
mirror according to said movement of the said first movement mechanism, 
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and a memory means that stores data related to the difference in the degree of 
flatness of said reflective surface of said first reflective mirror and said reflective surface of 
said second reflective mirror obtained based on the detection results of said first 
interference system and said second interference system. 

[Claim 2] The scan type exposure apparatus of claim 1, provided with a second 
moving mechanism that moves at least one of said mask and said photo sensitive substrate 
in a direction that is orthogonal to said projection optical system optical axis and said first 
direction, and 

a control means that controls said second moving mechanism based on said data 
stored in said memory means during said movement by said first moving mechanism. 
[Claim 3] The scan type exposure apparatus of claim 1, wherein the data relating to 
said difference in the degree of flatness is supplemented by data relating to the degree of 
flatness of said reflective surface of said first reflective mirror and said reflective surface of 
said second reflective mirror before said fixing. 

[Claim 4] A scan type exposure method that projects a mask pattern image on a photo 
sensitive substrate using a projection optical system while also synchronizing said mask 
and said photo sensitive substrate in relation to said projection optical system, moves these 
in a first direction that is orthogonal to the optical axis of said projection optical system, 
and exposes said mask pattern image, wherein the scan type exposure method includes 

a first step of discretely detecting the volume relating to the distance between the 
first reflective mirror that has a reflective surface that faces a designated end surface of said 
mask and is fixed along said first direction and the designated end surface of said mask 

according to said movement, 

a second step of discretely detecting the volume relating to the distance between the 
second reflective mirror that has a reflective surface that faces a designated end surface of 
said photo sensitive substrate and that is fixed along said first direction and the designated 
end surface of said photo sensitive substrate according to said movement, and 

a step of obtaining data related to the difference in the degree of flatness of said 
reflective surface of said first reflective mirror and said reflective surface of said second 
reflective mirror based on the detection results of said first and second steps. 
[Claim 5] The scan type exposure method of claim 4 wherein said step of obtaining 
data relating to the difference in degree of flatness obtains this based on data related to the 
degree of flatness of said reflective surface of said first reflective mirror and said reflective 
surface of said second reflective mirror before said fixing. 

[Claim 6] The scan type exposure method of claim 4 or 5 including a step of moving at 
least one of said mask and said photo sensitive substrate in a direction that is orthogonal to 
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the optical axis of said projection optical system and said first direction according to said 
data relating to the difference in degree of flatness during exposure. 

Detailed Description of the Invention 
[0001] 

Technical Field of the Invention 

The present invention relates to a scan type exposure apparatus and particularly 
relates to correction of displacement of the mask stage and plate stage midway during 
scanning. 
[0002] 

Problems the Invention Attempts to Solve 

To deal with recently increasing large scale liquid crystal substrates, disclosed in 
Patent Application No. 8-1841 13 is technology that does scan exposure that does not 
require stricter surface precision of a long mirror that extends in the scan direction which is 
a reference for measuring relative displacement between the mask and plate for the 
horizontal direction that is orthogonal to both the mask normal line and scan direction. 
However, with this technology, when there are undulations at short cycles on the long 
mirror, there was the problem that it is not possible to keep a high precision level at which 
the displacement between the mask and plate can be ignored. Taking into consideration this 
problem, the goal of the present invention is to provide a scan type exposure apparatus and 
its method which can do high precision scan exposure without depending on the surface 
precision of the long mirror. 
[0003] 

Means for Solving the Problem 

The present invention was created to solve the problems noted above, and 
explaining an embodiment with reference to figure 1 , this is a scan type exposure apparatus 
comprising a mask (5) on which a pattern is formed, a projection optical system that 
projects the pattern image of said mask onto a photo sensitive substrate (6), and a first 
moving mechanism that synchronizes said mask and said photo sensitive substrate in 
relation to said projection optical system, and moves these in a first direction that is 
orthogonal to the optical axis of said projection optical system, with the scan type exposure 
apparatus being equipped with a first reflective mirror (7) that is fixed along said first 
direction and that has a reflective surface that faces a designated end surface of said mask, a 
second reflective mirror (8) that is fixed along said first direction and has a reflective 
surface that faces a designated end surface of said photo sensitive substrate, a first 
interference system (I my , Ick, U Ixi) that detects volume relating to the distance between 
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said designated end surface of said mask and said first reflective mirror according to said 
movement of said first movement mechanism, a second interference system (I py , kk, I x i, 1x2) 
that detects relating to the distance between said designated end surface of said photo 
sensitive substrate and said second reflective mirror according to said movement of the said 
first movement mechanism, and a memory means (26) that stores data related to the 
difference in the degree of flatness of said reflective surface of said first reflective mirror 
and said reflective surface of said second reflective mirror obtained based on the detection 
results of said first interference system and said second interference system. 
[0004] 

The present invention is also a scan type exposure method that projects a mask (5) 
pattern image on a photo sensitive substrate (6) using a projection optical system while also 
synchronizing said mask and said photo sensitive substrate in relation to said projection 
optical system, moves these in a first direction that is orthogonal to the optical axis of said 
projection optical system, and exposes said mask pattern image, wherein the scan type 
exposure method includes a first step of discretely detecting the volume relating to the 
distance between the first reflective mirror (7) that has a reflective surface that faces a 
designated end surface of said mask and is fixed along said first direction and the 
designated end surface of said mask according to said movement, a second step of 
discretely detecting the volume relating to the distance between the second reflective 
mirror (8) that has a reflective surface that faces a designated end surface of said photo 
sensitive substrate and that is fixed along said first direction and the designated end surface 
of said photo sensitive substrate according to said movement, and a step of obtaining data 
related to the difference in the degree of flatness of said reflective surface of said first 
reflective mirror and said reflective surface of said second reflective mirror based on the 
detection results of said first and second steps. 
[0005] 

Embodiments of the Invention 

We will explain an embodiment of the present invention using figures. Figure 1 
shows the schematic structure of one working example of the scan type exposure apparatus 
of the present invention. In the following explanation, the coordinate system is such that the 
scan direction, specifically the vertical direction, is the x axis, and the horizontal direction 
that is orthogonal to the x axis within the same plane of mask 5 is the y axis, and the z axis 
is the normal line direction of mask 5. The illumination light that is radiated from a light 
source (not illustrated) such as a super high pressure mercury lamp is led to five 
illumination optical systems (not illustrated) via optical fiber or the like (not illustrated). 
Each illumination optical system is constructed respectively including a fly-eye lens and a 
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field stop, etc. (not illustrated). Each illumination light radiated from the respective 
illumination optical system is evenly illuminated on different illumination areas 14a to 14e 
on mask 5. Each light beam that passes through mask 5 gdes via a projection optical system 
PL (see figure 9) that has five projection lens units that perform imaging of equal 
magnification erect images, these are exposed on different exposure areas 15a to 15e on 
plate 6 which is a photo sensitive substrate, and in this way, the pattern images of 
illumination areas 14a to 14e on mask 5 are formed on plate 6. Each of the illumination 
areas 14a to 14e is arranged discretely, but these are formed such that the estimated width 
estimated in the x direction of the width of the x direction of each illumination area 14a to 
14e is continuous in the y direction having the same width. 
[0006] 

Each illumination optical system and each projection optical system is supported by 
stand 1 . Carriage 2 that is scan driven in the x direction by a drive device (not illustrated) is 
mounted on stand 1, and mask stage 3 and plate stage 4 are held on this carriage 2. Mask 5 
is held on mask stage 3, plate 6 is held on plate stage 4, and by scanning carriage 2 in the x 
direction in this way, the entire pattern on mask 5 is transferred onto plate 6. Mask stage 3 
is supported on carriage 2 via fine adjusters 9 to 1 1, specifically, the structure is such that 
fine adjustment of the x direction of mask stage 3 can be done by x direction fine adjuster 9, 
and the mask stage 3 y direction position and rotation direction around the z axis can be 
finely adjusted by y direction fine adjusters 10 and 11. / 
[0007] 

Meanwhile, to correct the effect of plate 6 thickness unevenness or slanting, and to 
simultaneously match the mask pattern image forming surface, plate stage 4 is supported by 
carriage 2 via three or more z direction fine adjusters (not illustrated), and in this way, the 
structure is such that the z direction fine adjustment (auto focus) and adjustment of the 
slope angle (auto leveling) around the x axis and around the y axis can be done. Mask long 
mirror 7 and plate long mirror 8 are also fixed to stand 1 . Both long mirrors 7 and 8 are 
reflective mirrors extending lengthwise in the x direction, and the normal line of their 
reflective surfaces face the y direction. Mask long mirror 7 is arranged facing mask stage 3, 
and plate long mirror 8 is arranged facing plate stage 4. 
[0008] 

Figure 9 is a perspective view that partially shows the scan type exposure apparatus 
of figure 1. Projection optical system PL has five projection lens units arranged in 
staggered form to project light beams that pass through each of illumination areas 14a to 
14e onto plate 6. Note that the five projection lens units in figure 9 are representations to 
express projection optical system PL, and AX indicates the light axis of projection optical 
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system PL. As is clear from figure 9, mask long mirror 7 and plate long mirror 8 are 
arranged along the X direction which is the first direction that is orthogonal to light axis 
AX of projection optical system PL. 
[0009] 

Returning to figure 1, the position and attitude of mask stage 3 and plate stage 4 are 
monitored by six interferometers I x i, I x2 , lex, W I py , and Lk as noted below. First, 
differential type interferometer I x i is for measuring the relative displacement of mask stage 
3 and plate stage 4 in the x direction (vertical displacement). Specifically, the laser light 
beams that are radiated from the laser light source (not illustrated) that is fixed to stand 1 
are divided by beam splitter 1 6a that is fixed to stand 1 , and each of the divided light beams 
is reflected by reflective mirrors 1 6b and 16d that are respectively fixed to stand 1 , reflected 
by reflective mirrors 16c and 16e that are respectively fixed to mask stage 3 and plate stage 
4, synthesized by beam splitter 16a after passing in reverse through the outward journey 
path, undergo interference, and then are made incident on the receiver (not illustrated) of 
interferometer I x i . 
[0010] 

Differential type interferometer I x2 is for measuring relative displacement of mask 
stage 3 and plate stage 4 in the x direction (vertical displacement) at a position that is 
different from the y direction of interferometer I x i. Specifically, the laser light beams for 
interferometer 1x2 are divided by beam splitter 17a, and each of the divided light beams is 
respectively reflected by reflective mirrors 17b and 17d, respectively reflected by reflective 
mirrors 17c and 17e that are each fixed to mask stage 3 and plate stage 4, synthesized by 
beam splitter 17a after passing in reverse through the outward journey path, and then are 
made incident on the receiver of interferometer U Note that the interval between reflective 
mirrors 16c and 17c that are fixed to mask stage 3 is equal to the interval between reflective 
mirrors 16e and 17e that are fixed to plate stage 4, and hereafter the interval will be called 
H. It is preferable that the positions of reflective mirrors 16c and 17c on mask stage 3 and of 
reflective mirrors 16e and 17e on plate stage 4 be an equal distance from the center of each 
stage 3 and 4. 
[0011] 

Length measurement type interferometer Lx is for measuring the movement 
distance of carriage 2. Specifically, the laser light beams for interferometer I cx are divided 
by beam splitter 18a, and each of these divided light beams is respectively reflected by 
reflective mirrors 1 8b and 1 8d that are fixed to stand 1 , with one light beam being reflected 
by reflective mirror 18c that is fixed on mask stage 3, and the other light beam being 
reflected by fixed mirror 18e that is fixed to the projection optical system, and both light 
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beams are synthesized by beam splitter 18a after passing in reverse through the outward 
journey path, undergo interference, and are made incident on the receiver of interferometer 
Ic X . In this way, the x direction distance of mask stage 3 and fixed mirror 1 8e is measured by 
interferometer Ic X . 
[0012] 

Length measurement type interferometer I my is for measuring the y direction 
distance between mask stage 3 and mask long mirror 7. Also, length measurement type 
interferometer I py is for measuring the y direction distance between plate stage 4 and plate 
long mirror 8. Both interferometers I my and I py have the same structure, so the explanation 
for interferometer I my will be noted outside the parentheses, and the explanation of 
interferometer I py will be noted inside the parentheses. Specifically, the laser light beams 
for interferometer I my (I py ) are divided into two light beams by beam splitter 19a (20a) fixed 
to mask stage 3 (plate stage 4). Of these two light beams, the light beam that was 
transmitted through beam splitter 19a (20a) passes through XI A plate 19d (20d) that is 
placed on mask stage 3 (plate stage 4), reflected by reflective mirror 19b (20b) that is 
mounted on mask stage 3 (plate stage 4), and again passes through XI A plate 19d (20d). The 
light beam that passed through XI A plate 19d (20d) respectively reflects beam splitter 19a 
(20a), corner cube 19c (20c) that is mounted on mask stage 3 (plate stage 4), and beam 
splitter 19a (20a), passes through XI A plate 19d (20d), is reflected by reflective mirror 19b 
(20b), and respectively passes through X/A plate 19d (20d) and beam splitter 19a (2pa) and 
made incident on the receiver of interferometer I my (I py ). 
[0013] 

The light beams reflected upward by beam splitter 19a (20a) of the light beams 
divided by beam splitter 19a (20a) pass through X/A plate 19e (20e) and are reflected by 
long mirror 7 (8), then pass respectively through XI A plate 19e (20e) and beam splitter 19a 
(20a) and are reflected by corner cube 19c (20c). The light beams reflected by corner cube 
19c (20c) respectively pass through beam splitter 19a (20a) and XI A plate 19e (20e), are 
reflected by long mirror 7 (8), pass through XI A plate 19e (20e), are reflected by beam 
splitter 19a (20a), and are made incident on the receiver of interferometer I my (I py ). By doing 
this, the light beams that are divided into two light beams by beam splitter 19a (20a) are 
again synthesized by beam splitter 19a (20a) and undergo interference and are then made 
incident on the receiver. 
[0014] 

Differential type interferometer U is for measuring relative displacement of mask 
stage 3 and plate stage 4 in the y direction. Specifically, the laser light beams for 
interferometer I* are divided by beam splitter 21a, and each of the divided light beams is 
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respectively reflected on reflective mirrors 21b and 2 Id that are fixed on stand 1, with one 
light beam being reflected by reflective mirror 21c on mask stage 3 and then reflected by 
mask long mirror 7. The other light beam is reflected by reflective mirror 2 1 e on plate stage 
4 and then reflected by plate long mirror 8. Both light beams pass in reverse through the 
outward journey path, are synthesized by beam splitter 2 1 a and undergo interference, and 
are made incident on the receiver of interferometer U- Note that the x direction interval 
between corner cube 19c fixed to mask stage 3 and reflective mirror 21c is equal to the x 
direction interval between corner cube 20c fixed to plate stage 4 and reflective mirror 21e, 
and hereafter, this interval is referred to as L. 
[0015] 

The position of carriage 2 is x, the relative position displacement volume (vertical 
displacement volume) in the x direction of mask stage 3 and plate stage 4 is AX (x), the 
relative position displacement volume (horizontal displacement volume) in the y direction 
is AY (x), and the relative angle displacement volume around the z axis is AT (x). Also, the 
difference in degree of flatness of both long mirrors 7 and 8 is Ah (x). The difference in 
degree of flatness Ah is the y direction relative position displacement volume (horizontal 
displacement volume) of the reflective surface of mask long mirror 7 and the reflective 
surface of plate long mirror 8. To express the measured values of each interferometer I xl , 
1x2, lex, Imy, Ipy, and U, when using the same characters, these are as follows. 
AX (x) = (Ixi + I X 2)/2 (!) 
AT (x) = (Ixi - (Ix 2 )/H (2) 
AY (x) = I my - Ipy - Ah (x) (3) 
[0016] 

Of the formulas (1) through (3) noted above, the values of vertical displacement AX 
of formula (1) and of angle displacement AT of formula (2) are obtained immediately from 
the measured values of interferometers I x , and I x2 . Also, for horizontal displacement AY of 
formula (3), with difference in degree of flatness Ah as the function of position x of carriage 
2, this is stored within memory device in control device 25, and from the measured values 
of this Ah (x) and interferometers I my and I py , horizontal displacement Ay is obtained. In this 
way, fine adjusters 9 to 1 1 are driven by control device 25 in relation to vertical 
displacement AX, horizontal displacement AY, and angle displacement AT in the x-y plane, 
and by doing fine adjustment of the mask stage 3 position within the x-y plane, the relative 
positional relationship of mask stage 3 and plate stage 4 are kept constant during scan 

exposure. 
[0017] 
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Following, we will explain the method of obtaining the difference in degree of 
flatness Ah (x) of both long mirrors 7 and 8. This difference in degree of flatness Ah (x) 
depends on the surface mirror shape of long mirrors 7 and 8 themselves, and on the 
attachment attitude of each long mirror 7 and 8 to stand 1. This working example does 
continuous measurement of the mirror surface shape of long mirrors 7 and 8 themselves on 
the one hand, and discretely measures the difference in degree of flatness Ah (x) when each 
long mirror 7 and 8 is attached to stand 1 on the other hand, and after that, by interpolating 
the continuous difference in shape of both long mirrors 7 and 8 within each section of 
discretely obtained difference in degree of flatness Ah, the difference in degree of flatness 
Ah is obtained as a continuous function of x. 
[0018] 

In light of this, first, we will explain a method of continuously obtaining the mirror 
surface shape of long mirrors 7 and 8 themselves. Figure 2 is a diagram that shows the 
overview for continuously measuring the surface precision of long mirrors 7 and 8. It is 
efficient to do this measurement before incorporating to stand 1, for example, confirming 
and measuring the surface precision together when polishing of long mirrors 7 and 8 ends. 
It is also preferable that the attitude of long mirrors 7 and 8 during measurement be the 
same attitude as when incorporated to stand 1 . 
[0019] 

The laser light beams that are radiated from laser light source 30 have their light 
diameter expanded by beam expander 31, and they pass through lens 32 and become 
parallel light rays. Next, the laser light is transmitted through half mirror 33, and part of the 
transmitted light is reflected by reference surface 35 that is provided on the final surface of 
the Fizeau component, and this passes in the reverse direction through the outgoing journey 
path and returns to half mirror 33. An anti-reflection film is coated on the rear surface 34 of 
reference surface 35. On the other hand, the laser light that is transmitted through reference 
surface 35 is reflected by mask long mirror 7 (or plate long mirror 8), and then passes in 
reverse through the outgoing journey path and returns to half mirror 33. The laser light that 
is reflected by reference surface 35 and the laser light that is reflected by long mirror 7 (8) 
undergoes interference, is reflected by half mirror 33, and reaches detector 36. In this way, 
it is possible to measure the surface precision of long mirror 7 (8) in relation to reference 
surface 35 using detector 36, specifically, it is possible to find the degree of flatness at any 
point of long mirror 7 (8). 
[0020] 

As the scale of the liquid crystal substrate becomes larger, it is expected that long 
mirror 7 (8) will become longer, but when it becomes longer than reference surface 35, by 
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displacing long mirror 7 (8) and measuring several times, it is possible to measure the 
entire surface. However, in this case, it is necessary to overlap the measurement points 
according to the interferometers I my , I py , and U described later and measure. Also, with 
figure 2, we used a Fizeau interferometer to measure the surface precision of long mirror 7 
(8), but the measurement method is not limited to this. 
[0021] 

Next we will explain a method of doing discrete measurement of the difference in 
degree of flatness of the long mirrors. To measure, measurement is done at each fixed 
measurement interval L while scanning carriage 2. By the time measurement is done, mask 
stage 3 and plate stage 4 are fixed relative to each other, specifically, fine adjusters 9 to 1 1 
are not driven. Interval L for which measurement is done is the x direction interval between 
the position at which the light beams of interferometer I my or interferometer I py are reflected 
by long mirror 7 or long mirror 8 and the position at which the light beams of 
interferometer Ick are reflected by long mirror 7 and long mirror 8. Measurement is 
performed as follows. The values of interferometers I my , I py , and Ick when carriage 2 is 
moved to one end of long mirrors 7 and 8 are measured. Next, while measuring the position 
of carriage 2 with interferometer Ic X , the position of carriage 2 is moved by an amount L, 
and the values of interferometers I my , I py , and U are measured at that position. Following, in 
the same manner, the values of interferometers I my , I py , and Ick are measured each time the 
position of carriage 2 is moved by an amount L. / 
[0022] 

To make things simple, following, the measured value of interferometers I my , I py , 
and Ick at discretely measured position i on the long mirrors are noted as I my (i), I py (i), and 
U (i). Specifically, when a discrete position is signified, a variable i is used, and when a 
continuous position is signified, a variable x is used. Clearly, I my (i), I py (i), and Ick 0) are 
measured at the same carriage 2 position. Also, the interferometer values at the 
measurement start positions are I my (1), I py (1), and Ick (0). 
[0023] 

Interferometer I my measures the y direction distance between mask stage 3 and 
mask long mirror 7, and interferometer I py measures the y direction distance between plate 
stage 4 and plate long mirror 8. Therefore, the measured values of both these 
interferometers I my and I py include, in addition to difference in degree of flatness Ah of both 
long mirrors 7 and 8, the rolling error (x axis area rotation) of carriage 2 and the offset 
during interferometer reset. The difference in degree of flatness of both long mirrors at 
measurement position i is Ah (i), the rolling volume is r (i), and the offset during reset of 
interferometers I my and I py are respectively A and B. 
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[0024] 

When I y (i) is newly defined as 
I y (i) = [triple equal sign] I my (i) - I py (i) (4) 

as the difference in the measured value of both interferometers I my and I py , the following 
formula is established. 

I y 0) = [triple equal sign] I my (i) - I py (i) = Ah (i) + r (i) + A - B (5) 

In formula (5), I y (i) is a measured value, and the right side member is unknown. 

[0025] 

Also, interferometer U measures y direction position displacement of mask stage 3 
and plate stage 4 via both long mirrors 7 and 8. Therefore, the measured value of 
interferometer U includes, in addition to difference in degree of flatness Ah of both long 
mirrors 7 and 8 and error r that is caused by rolling of carriage 2, further includes vertical 
displacement AX of mask stage 3 and plate stage 4 and the position displacement due to 
angle displacement AT around the z axis. Also, the rolling volumes included in the 
measured value of interferometers I my , I py , and U that were measured simultaneously are 
equal. Therefore, Ick 0 - 1) is expressed by the following formula. 
I ck (i-l) = Ah(i-l) + r(i) + C + AX(i-l) + AT(i-l)-H (6) 

[0026] 

Since vertical displacement AX and angle displacement AT are measured values, 
when Ick' is defined by formula (7), formula (6) becomes formula (8). 
Ick' (i) = [triple equal sign] Ic k (i) - AX (i) - AT (i) • H (7) 
I ck '(i-l) = Ah(i-l) + r(i) + C (8) 

In formula (8), Ick' (i - 1) is a measured value, and the right side member is unknown. 
[0027] 

Furthermore, to eliminate error r that is due to rolling of carnage 2, when AH is 
defined by formula (9), from formula (5) and formula (8), AH becomes as shown in formula 
(10). 

AH (i) = [triple equal sign] I y (i) - W 0 - 1) ( 9 ) 
AH(i) = Ah(i)-Ah(i-l) + A-B-C (10) 

In formula (10), AH (i) is obtained from the measured values of interferometers I my , I py , Ick, 

I xl , and I x2 , and the right side member is unknown. 

[0028] 

When a sum from AH (i)'s i = 1 to i = k (k > 1) is S (k), and long mirror position k is 
newly noted as position i, the result is: 

S (i) = [triple equal sign] AH (1) + AH (2) + ... + AH (i) (11a) 
S(i) = Ah(l)-Ah(0) + A-B-C 
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+ Ah(2)-Ah(l) + A-B-C 
+ ...+ 

+ Ah(i)-Ah(i-1) + A-B-C 

= Ah(i)-Ah(0) + (A-B-C)xi(i>l) (lib) 

In formula (1 lb), S (i) is a measured value, and the right side member is unknown. By this 
means, from formula (1 lb), the result at position i is 
Ah(i) = S(i) + Ah(0)-(A-B-C)xi(i>l) (12) 

When i = 0, and S (0) = [triple equal sign] 0 is set, formula (12) is also established when i 

= 0. 
[0029] 

In the right side member of formula (12), S (i) is a measured value, and Ah (0) and 
(A - B - C) x i are unknown quantities. Of these, Ah (0) is always a constant offset 
regardless of the long mirror measurement position i, so as is clear from formula (3), there 
is no change in the horizontal displacement volume AY (x) between mask stage 3 and plate 
stage 4, in other words, there is no error when alignment of mask stage 3 and plate stage 4 is 
done. Meanwhile, (A - B - C) x i undergoes a linear change depending on the long mirror 
position i, so it is necessary to find its coefficient (A - B - C). In light of this, next we will 
show how to find the coefficient (A - B - C). 
[0030] 

First, as a first process, to measure S (i) in formula (12), carriage 2 is scanned, and 
the measured value of each interferometer is measured. At this time, as described 
previously, the vertical displacement volume AX between mask stage 3 and plate stage 4 is 
continuously measured by formula (1), and angle displacement volume AT within the x-y 
plane is continuously measured by formula (2), so while keeping these displacement 
volumes AX and AT constant, it is possible to scan carriage 2. However, for horizontal 
displacement volume AY, not only is difference in degree of flatness Ah (x) unknown, but 
its discrete value Ah (i) is also unknown, so it is not possible to keep horizontal 
displacement volume AY constant. In light of this, first, carriage 2 is scanned without doing 
any adjustment at all of the horizontal displacement, and the measured values I my (i) and I py 
(i) of interferometers I my and I py are measured at x = 0, L, 2 x L, i x L, and ... at that time. 
Next, as a second process, S (i) is found using formula (11a). 
[0031] 

Next, as a third process, to find (A - B - C) in formula (12), mask 40 for error 
measurement shown in figure 3 is set on mask stage 3, the plate for error measurement is 
set on plate stage 4, and the first scanning exposure is performed. However, though S (i) in 
formula (12) was already known, coefficient (A - B - C) is unknown, so this coefficient (A 
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- B - C) is ignored, specifically, as a tentative formula of the difference in degree of 
flatness of both long mirrors, the following is used. 
Ah (i) = S (i) (13) 

Also, since i is a discrete value, the space between Ah (i) and Ah (i + 1) is interpolated as a 
linear expression. Specifically, the relationship of measurement position i and position x of 
carriage 2 measured by interferometer Ic X is expressed by the following formula when the 
value of interferometer Ic X at the measurement start position is 0. 
x = ixL (14) 
[0032] 

Therefore, the tentative expression Ah (x) of the difference in degree of flatness of 
both long mirrors when carriage 2 is between the measured value i on the long mirror and i 
+ 1 is expressed by the following formula. 
Ah (x) = [Ah (i + 1) - Ah (i)] x (x/L - i) + Ah (i) (15) 

By this means, since the tentative value of the difference in degree of flatness of both long 
mirrors is continuously obtained by formula (13) and formula (15), the horizontal 
displacement volume AY between mask stage 3 and plate stage 4 is found by formula (3), 
and carriage 2 is scanned while this horizontal displacement volume AY is kept constant. 
[0033] 

Figure 3 shows mask 40 for error measurement, and multiple marks 41 are drawn 
on this mask 40 at one row in the x direction and at every interval L in the y direction. The 
y direction interval of mark 41 is preferably matched to the measurement interval L for 
discrete measurement of the degree of flatness of both long mirrors. Figure 4 shows an 
expanded diagram of one mark 41, and is a pattern for detecting the exposure position. In 
this same figure, the cross-hatched part is a light-blocked area, and the cross mark part is 
the light transmission area. Here, we used a cross mark for the exposure position detection, 
but any mark can be used as long as it is a mark that allows detection of the exposure 
position. Also, a pair of mask alignment marks 42 and 43 and a pair of plate alignment 
marks 44 and 45 are drawn on mask 40 for error detection. As shown in figure 3, both 
marks 42 and 43 and 44 and 45 are arranged slightly displaced in both the x direction and y 

direction. 
[0034] 

After scan exposure of mask 40, the plate is developed. As shown in figure 5, in 
addition to transfer marks 49 of multiple marks 41, transferred onto plate 48 are transfer 
marks (not illustrated) of mask alignment marks 42 and 43 and transfer marks 46 and 47 of 
plate alignment marks 44 and 45. Next, both mask 40 and the plate are rotated by 90 
degrees, these are respectively set on mask stage 3 and plate stage 4, and alignment is 
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performed for mask alignment marks 42 and 43 on mask 40 and for alignment mark 
transfer marks 46 and 47 on plate 48 Specifically, the relative positional error of both marks 
42 and 43 and 46 and 47 is measured by alignment microscopes 12 and 13, fine adjusters 9 
to 1 1 are driven, the positions of both marks 42 and 43 and 46 and 47 are aligned, and after 
that a second exposure is performed. 
[0035] 

Mask alignment marks 42 and 43 on mask 40 and plate alignment marks 44 and 45 
are arranged slightly displaced in the x and y directions, and during the second exposure, 
the positions are matched for mask alignment marks 42 and 43 and the transfer marks for 
the plate alignment marks. Therefore, exposure is performed with mask 40 and plate 48 
displaced by the interval between mask alignment marks 42 and 43 and plate alignment 
marks 44 and 45 between the first exposure and the second exposure. 
[0036] 

As a result, as shown in figure 6, image 49 of multiple marks 41 obtained by two 
exposures is an image with two cross marks. The interval between both cross marks is 
measured with a microscope, etc., and from this measured value, by taking away the 
position displacement volume of mask 40 and plate 48, it is possible to know the net 
displacement volume between both cross marks. Here, for control of fine adjusters 9 to 1 1, 
precise control is done in the x direction, and control in the y direction is done using the 
tentative formula. Therefore, there is no displacement in the x direction between mark 41 
and its image, and positional displacement occurs only by the amount of error due to 
control using the tentative formula in the y direction. Specifically, for the first exposure, 
there is no displacement in the x direction between mark 41 and its image, and since there 
was a 90 degree rotation at the time of the second exposure, for the arrangement during the 
second exposure, there is no displacement in the y direction between mark 41 and its first 
time image. Also, for placement at the time of the second exposure, positional 
displacement occurs only by the amount of error due to controlling using the tentative 
formula in the y direction between the mark 41 and its second time image. Therefore, by 
measuring the net displacement volume in the y direction between both cross marks, it is 
possible to know the error due to controlling using the tentative formula. 
[0037] 

Next, as a fourth process, we will find coefficient (A - B - C). Figure 7 is a diagram 
that takes the position i of mark 41 as the horizontal axis, and plots the net positional 
displacement volume in the y direction, specifically the horizontal direction, on the vertical 
axis. Since the net positional displacement volume in the horizontal direction is as follows: 
-Ah(0) + (A-B-C)xi (16) 
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when regression line 50 is found from the points plotted in figure 7, the gradient of this is 
coefficient (A - B - C). By this means, it is possible to obtain the discrete difference in 
degree of flatness Ah (i) of both long mirrors from formula (12). 
[0038] 

For control of the fine adjusters for the third process, proper control is performed 
for each measurement point from measuring S (i) except for the points that ignore (A - B - 
C) x i. Therefore, it is preferable that the measuring points for measuring net horizontal 
displacement volume match the measuring points when finding S (i). This is because when 
net horizontal displacement volume is measured at points other than the measuring points 
when finding S (i), there is the risk that elements other than (A - B - C) x i will be added. 
To match the measuring points for measuring net horizontal displacement volume and the 
measuring points when finding S (i), first, it is necessary to match the interval of marks 41 
to the measurement interval L when finding S (i). Next, to match the measuring points 
themselves, when finding the reference position in the scanning direction of carriage 2, 
with mask 40 set with the second exposure placement, the reference position can be the 
place where the carriage is moved by an integral multiple of L from the place where mark 
41 on mask 40 matches the exposure position. Note that it is of course possible to invert the 
sequence of the first exposure and the second exposure. 
[0039] 

Also, when matching the measuring points for measuring the net horizontal , 
displacement volume and the measuring points when finding S (i) in this way, there is no 
particular problem with fine adjuster control at the intermediate position of each measuring 
point. Therefore, with this working example, a simple linear interpolation between each 
measuring point was done, but, for example, it is also possible to do interpolation 
according to the actual difference in degree of flatness of both long mirrors. This method of 
interpolation using the actual difference in degree of flatness of both long mirrors between 
each measuring point in this way is effective when it is difficult to match the measuring 
points for measuring net horizontal displacement volume and the measuring points when 
finding S (i). 
[0040] 

Also, instead of the method of discretely measuring y direction positional 
displacement using the second exposure, it is also possible to discretely measure y direction 
positional displacement as follows without performing exposure. Specifically, as shown in 
figures 8 (a) and (b), at one side of the y direction of mask 60 for error measurement and 
plate 61, place each of multiple alignment marks 62 and alignment marks 63 at interval L in 
the x direction, and place each of the alignment marks 62b and alignment marks 63b at the 
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other end in the y direction. By setting this mask 60 and plate 61 respectively on the mask 
stage and plate stage, aligning one alignment mark 62a of the multiple alignment marks 62 
on mask 60 and one alignment mark 63a of the multiple alignment marks 63 on the plate 
61, and aligning alignment mark 62b on mask 6 and alignment mark 63b on plate 61, plate 
61 is positioned on mask 60. 
[0041] 

Next, carriage 2 is scanned while precisely controlling vertical displacement 
volume AX using formula (1), precisely controlling angle displacement volume AT within 
the x-y plane using formula (2), and for horizontal displacement volume AY, controlling 
the difference in degree of flatness of both long mirrors obtained using formula (13) and 
formula (15) with formula (3) using a tentative formula. Then, the y direction error of 
multiple alignment marks 62 on mask 60 and multiple alignment marks 63 on plate 61 is 
measured using alignment microscope 12. At this time, until measurement is completed, 
the error measured by alignment microscope 12 will not be corrected. After this, if the 
position of alignment marks 62 and 63 is taken as the horizontal axis, and the y direction 
measurement error is plotted on the vertical axis, the same results as shown in figure 7 are 
obtained, so it is possible to discretely obtain the difference in degree of flatness of Ah (i) of 
both long mirrors. 
[0042] 

Next, as a fifth process, by synthesizing the discrete difference in degree of flatness 
Ah (i) of both long mirrors and the mirror surface shape of each long mirror 7 and 8 itself 
measured by an interferometer, it is possible to obtain the difference in degree of flatness 
Ah (x) of the long mirrors at any position. If the degree of flatness of mask measurement 
long mirror 7 measured by an interferometer is k m (x) and the degree of flatness of plate 
measurement long mirror 8 is k p (x), difference in degree of flatness of both long mirrors 
Ak (x) at the attitude measured by the interferometer becomes 
Ak (x) = k m (x) - k p (x) 
[0043] 

Synthesis of the discrete difference in degree of flatness Ah (i) of both long mirrors 
and difference in degree of flatness Ak (x) of both long mirrors at the attitude measured by 
interferometers is done by partitioning Ak (x) at each segment [i, i + 1], moving Ak (x) i the 
y direction to match Ah (i) and Ah (i + 1) at both ends of that section, and expanding or 
compressing in the y direction. Specifically, with the shift volume added to Ak (x) at each 
section as sft (i) and the gradient added at each section as mag (i), the result is 
Ah (i) = Ak (x) + sft (i) + mag (i) x (x - i x L) [i x L < x < (i + 1 ) x L] (17) 
[0044] 
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For x = i x L, this is 
Ah (i) = Ak (i x L) + sft (i) (18) 
and for x = (i + 1) x L, this is 

Ah(i+ l) = Ak((i+ l)xL) + sft(i) + mag(i)xL (19) 
so this results in 

sft (i) = Ah (i) - Ak (i x L) (20) 

mag (i) = [Ah (i + 1) - Ak ((i + 1) x L) - Ah (i) + Ak (i x L)]/L (21) 
[0045] 

Therefore, the result is that section ixL<L<x<(i+l) 
Ah (x) = Ak (x) + sft (i) + mag (i) x (x - i x L) (22) 

Note that sft (i) and mag (i) are respectively given by formula (20) and formula (21). 
Furthermore, if sft (i) and mag (i) are obtained for all sections, it is possible to continuously 
obtain difference in degree of flatness Ah (x) at any position. 
[0046] 

Note that when the internal L between corner cube 19c fixed on mask stage 3 and 
reflective mirror 21c and the interval L between corner cube 20c fixed to plate stage 4 and 
reflective mirror 21e are made considerably narrow, it is also possible to do linear 
interpolation between discrete difference in degree of flatness Ah (i) and Ah (i + 1) for 
adjacent long mirrors without continuously measuring the shape of both long mirrors 7 and 
8 themselves. Also, with increased scale of long mirrors, when the continuous degree of 
flatness of long mirrors is divided and measured, Ak (x) used with the section [i x L < x < (i 
+ 1) x L] of formula (22), in other words, k m (x) and k p (x), it is preferable to obtain these 
with the same measurement. 
[0047] 

Merits of the Invention 

As described above, with the scan type exposure apparatus and measurement 
method of the present invention, it is possible to secure a high level of exposure precision 
without depending on the degree of flatness of long mirrors. 



Brief Description of the Figures 

[Figure 1] This is a perspective view that shows the structure of a working example of 
the scan type exposure apparatus of the present invention. 

[Figure 2] This is a layout diagram when the surface precision of long mirrors is 
continuously measured. 

[Figure 3] This is a plane diagram that shows a mask used to measure errors that occur 
due to tentative formulas. 
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[Figure 4] This is an expanded view that shows marks used for masks for error 
measurement. 

[Figure 5] This is a plane diagram that shows a plate on which marks of a mask for 
measuring errors have been transferred. 

[Figure 6] This is an expanded view that shows the image of a mark transferred by the 
second exposure. 

[Figure 7] This is an explanatory diagram that shows exposure error distribution. 
[Figure 8] This is a plane view that shows a separate (a) mask and (b) plate used for 
measuring error that occurs due to tentative formulas. 

[Figure 9] This is a perspective view that partially shows the scan type exposure 
apparatus of figure 1 . 

Explanation of Code Numbers 

1 Stand 

2 Carriage 

3 Mask stage 

4 Plate stage 

5 Mask 

6 Plate 

7 Mask long mirror 

8 Plate long mirror 
9,10,11 Fine adjusters 
12,13 Alignment microscope 

14a to 14e Mask illumination area 

1 5a to 1 5e Plate exposure area 

U 1x2, lex, W Ipy, U Interferometer 

16a, 17a, 18a, 19a, 20a, 21a Beam splitter 

16b to 16e, 17b to 17e, 18b to 18e Reflective mirror 

19b, 20b, 21b to 21e Reflective mirror 

19c, 20c Corner cube 

19d, 19e,20d,20e X/4 plate 

25 Control device 

26 Memory device 

30 Laser light source 

31 Beam expander 

32 Lens 
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33 


Half mirror 


34 . 


Rear surface 


35 


Reference surface 


36 


Detector 


40 


Error measurement mask 


41 


Mark 


42,43 


Mask alignment mark 


44, 45 


Plate alignment mark 


46, 47 


Plate alignment mark transfer mark 


48 


Error measurement plate 


49 


Mark transfer mark 


50 


Regression line 


60 


Error measurement mask 


61 


Error measurement plate 


62, 63 


Alignment mark 



Figures: 
Figure 2 



Figure 3 



Figure 1 



Figure 4 
Figure 5 
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Figure 7 

* 

y direction net exposure 
Mark position 

Figure 8 
Figure 9 
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>^^-i>3±^a^$nftJS^Sl 8CCJ53-IU tt 
*©*«li«Sg«^JfetcB«*nfcHlE*l 8 e-csa* 

Si 8 e tfl>x*ftoffi(SMtiai*n-s. 
tfatoM=#*i., ( !.>> «<&u-iftfe*t*-?a*x 

7 ij ^19a (20a) ICJ: 0 2 o<Wfc*K»SI3tt 
C(D2-XD*«a>rt©i^-^^iJy^ i 9a (2 
0 a > TA^A^-i>3 C/U-h 

X^4}KSi$toA/4«l9d (2 0d> 
^*?;*r-i>3 (7 1,- h**-S>4 > ±tC 
BMSttfcKtiSfci 9 b ( £0 b ) ?5MU HttA/ 
4«l9d (2 04) £ii* 0 A/4fil9d (20 
d) Sffl-sfc**^ b'-AA7U^!9a (£0 
a> <L, ^Ai?Af-v3 (7U-h/r^:<4) ±tc 
E»anfca-+*»-^l 9 c (2 0c) t. tr-A 

X^iJ?>l9a (2 0a ) ii-enenswi/TA/ 

4«1 9d <2 0d> &i§Djgtfttl 9b (2 0b) f 
SHU A/4fi! 9d (204> . tf-AA:/'J-j>* 
19a ( 2 0 a > Sr^neftilOTi** i (I.Jfl) 

[ 0 0 13] tf-Axyj ^ * l 9 a ( 2 0 a > (CJ: •? 
9K3n&**(ZJrt©t-AA7-»j ^19a (20 
a ) -CitfccKWSftfcftfcM:, A/41E 1 9 e (20 



(4) ftH* 10-2844 1 6 

5 

e) £i!0£R&7 (8) ?KttU ,V4Sl9e 
(20e> if-AX7*'J 9* 19a (20a) <L£*- 

3-*** 1 9 c (20c) -CSMdftteAsK 
li. tr-AA*y?*i9a <2 0a > iA/4fe! 9 
e (20e) t**n*ha*J, £R?£7 (8) t?HW 
L/C. A/4fil9e (20 e) «DK-W^g ? 
$ 1 9 a (20a) -CEMSnTTWR i .« ( I .> ) (0 
Uf-'flcAJiT*. Cft&J:4, t-AA7')^i 
10 9 a ( 2 0 a > KJ: 0 2^©**K»«Snfc**lt, 
Wtf-AA* 'J ;M9a (20a) t'^^tt 

[0 0 1 4] SSHa^jjNtt I.J*, SS^R§g7, 8*^r 
L/C. ^A>?A7-y3i^l^U^^4 &0y# 

tttoMHWtl t .BOi/-f-jH(«. b-AA^'J ? 
$2 1 aicj:0»*l3h. 0flStifc&£jfeli. -eti* 
ft^a 1 KflfisnfcE«tt2 lb, 2 1 d fSWU 

?Af- y 3 ±<0Sli«2 1 c -CHfl* 

M^-*>4±©E«ig2 1 erSHU 7 b- hjg« 

y * *2 1 a-csjasnr^u, Taut i «.©i/S/- 

***-7I9c£ 2 1 c £ © x ifil OHFB i , 
7l/-Uf- ^4ic@^Lfe2-'f^^-y2 0 c <b 

[ 0 0 15] * + U 3 5>2CEH&«*rx tU ^X i?Xf 
30 -^3i7U- hx^-t>4iC5>x*WE)«M«aEttB 

rns (f^rns} ^^x (x) th. ya$\<owm 
wterrns <ttrna> ?:^y (x)iu zfte*j 

©ffl*IW«fftgrnfi«:^T <x> if*. ^^S^R 
SS7, 8(?>^SSM*^h (x> if-So ¥BSM2ib 
t«. ^A^S^^Si7©S«ffli^l/-hJigRa8 

(omm toy *isioti« war&jgrnfi ( ssrns > 
r-&* 0 #+j^if i. Jt i c >. i,„ I,,. i ek 

40 (x> = ( 1,!+ f I2 )/2 ( 1 ) 

£T (x) = ( l.^/H - - (2) 
(x) = I„»- i o, -^h (x) (3 ) 

[ 0 0 1 6 ] -tla ( 1 ) - ( 3 > 3C©5 *, ( 1 ) 5^cr> 
Htrft&Xi (2) 3Cfl>flSTn^T©lt(t, TiSM-j 

x^tti Or, »^S2 5 ACDGttn 2 6 
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7 

U. TXjAJ-^S^Btx-yHrtYBBMW* 

[ 0 0 I 7 J UTC, M^R£7 . 8 <D*m$ML h 

(x)li % &gR^7, 8gi$^Sff^i, &^R& 
7, 8©S.tfl ^©aofj««»cctfi»'r6. 440kM 
It. -*K*5<r»T#£R&7, 8 Bf*©f£ffl*i«***t» io 

aycnfctr, *-ca»wi7 . 8 &jeh i KB* 

*. P»R(£7. 84>&ttMttflMtottT4flH'r&Ct 

[ 0 0 1 8 ] * C t*r. S£:R3g7 , 8 SftCDffiH* 
R£ 7 , 8 ^SBS^^ii^l^tCl^lT^^^tllg*^ 

7, 80SJ&*. ^i^^iA^ci^^^lll- 

n. u>X3 2«fl*3¥tTftt&£tt&. ^ru-i* 1 - 

^7-33 Crisis l/, *aft©-«*5 -f y 

-«^aMtc«wfc#BB3 S'csifu f^^^i^ 

5 7-3 3KH& e NSB3 544IB3 4 30 
ttlttSI«»jUla&sa-f * > ^n'Ci,^ ft*. MR 
93 &&3WiUft:L — ^x£fijgR«7 (X 
\t-fl*-Ym%R&S) rSMU ItBtfll'CM- 
757-3 3KR*, «BB3 5 -CEIiUfc I*— 
4§Rg7 (8) -CRMLfcu- *-*ttT*L. 

■7 5 9-3 3-cswu fettS3 6o:ai-r4o csor 
*MB3 6«c*oT«IH3 5k^«*r*7 (8) 

40 

[ 0 0 2 0 ] a4a?ft»aficC'7aHfc<c#^ 1 ^R&7 
(8) l*£<**C£#^£S$n&#. MRB3 5J:Q 
t>fi<w-?fcWStctt, ^R&7 (8)tr6UW 
BeM*fr9 C £KJ: 0 . *H*WB*4C±a*C8 

*fcH2*Ct«Ri!S7 (8) ©ffitWtOttBic? 
[ 0 0 2 1] X«:S^©¥B*s«:(B»ftccttOT-4 so 



fflflVl 0-2844 1 6 
8 

#6. -^itMULCitcitggT-So it«i**7S*c 

HtfU * ttfe^f&S*f89-l llilMl/fc^. MB* 
iy$ NHL tt. T*lt ! „> XtCTMt I 
SI 7 Kit ARM 8 ?5tt? Sfeg 4 . flWt i t r ex* 
tffiRSS 7 Xt*^R3i 8 "CSMf *ttB 4 (0 x #|*®B 

mt?& 0 mmrxo>j: j )ic'i : r*>. ^Rg7, 8«— a 
ea C'fg&it$jT*o ac^r* * y 5 y sottfitTaw 

! „ -CWUl/Ja^fe, * * 'J * S>2 ©{SB* L3fc«»ft 
0. *©tt*CTJWH. v i 0 ., It.4>lt*lHH? 
UTHHWC . + * y 9 ^ 2 ^ L ft: WSBW 4 

c*<Lic, +$!ii M( i cfe «>tf«it«rr« # 

[ 0 0 2 2] UTBWiOfcftCC, ftRfltLbOMIftnftlf 
i < i > , ( i > . i c ( > ) <hS!2f 

rHBStliflOB, ( i) , I m ( » 

- 1 > t»&, «fc, ItaBttrtiB-CCDTiMtcgft I 
.v < 1) , i„> i 1 ) , In (0) t?Z> 0 

[0 02 3] Tj*gti.vi*. -?X*X?— V3&-7X* 
J5m<D%m& It if I L/ T t * £ . 1/ fc J» o'CC n^CC'S^ 

AhfiWcc, * + «J fli>2©D-y>JiHi (xUHfl 

i i > t U y P - y > r ( « ) 4 1/, ST*et i 

R >, L^y*^ n*fls>*^-b» ht^netiA. B<t 

[ 0 0 2 4] m^m\ i „> . i o # fl*MiMi or ! 
> ( I ) 

l« < ! ) = ( i > - i„v ( i > (4) 

h { ! ) = Uv ( i > - U < i ) 
= Lh { » > + r ( » ) +A-B •••• (5) 
( & ) 3?*, U i i > (iBttf-C**] , Si5i±^C 

[0 02 5] SfcTWtl.itt, M^R^7 f 8*/tO 
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ftmW- 1 0 2 8 4 4 1 6 
10 



I 0 0 2 7 ] 



I«t ( i - l > = Ah ( i - 1 ) + r. ( i ) +C 

+ AX ( » - 1 ) +£T ( i - 1 ) - H (6) 

[0 026] BrnAXtfldtrnATiaBtB-c** * (8)^^, 

I./ ( i > = h. < i > -AX < s > -AT { » ) * H (7) 
!«■' ( i - 1 > =Ah ( s - i ) + r < i > + C (8) 

{ i - 1 ) ««*at?4>»j. sat* &t&%?&tc&>ic. <9> s-csa-r^ 

10 I. L'tilt <5> (8) 25^6 < 1 0) 3S©«fc5*c 

AH { s ) = i v < ! > - I rV ( i - 1 > (9 > 

AH ( ! ) = Ah < i > -AH ( i - I ) + A-B-C --(10) 
(10) S*. AH ( ! > tflRWtl.*. !«,,. Ut, *£-C©fil*S <k> ib. KRBtof4Bk*ttfcfctiLB 

i . i .laMrfM^&AA&n, &iai&ttii > c*& 0 ■ &bb* 

[ 0 0 2 8 ] AH { i > © i = 1 *6 i = k < k > 1 ) * 

S ( i ) =&H (!) +AH (2) + - + AH < > ) ---- (1 la) 
S < i ) = Ah (!) -Ah (0) +A-B-C 
+ Ah (2) -Ah { 1 > +A-B-C 

4 ♦ ■ + 

4£h ( ■ > -Ah ( i - 1 ) +A-B-C 
= Ah ( ■ > -Ah (0) +■ (A-B-C) xi (ifcl) 

<lll>) 

LSlZ. < 1 1 b) S*. S ( ! ) «»EfrcfcD. 4SR*te'¥fflflKAh ( i > t*. 

Ah ( « ) =S ( i ) + Ah (0> - (A-B-C) xj ( i £ 1 > 

— - <12) 

■ =0©'tSS <0) =0t^<t, i =0© AY*—*«CB^C±l*C**l- B c rjfer . mm 
i^fe (12) 5&W80£^o <OSIKIi^<tffcTCC++'J^S>2**ftL/, *©±* 

[0 02 9] < 1 2 ) 3CO*ia*, S ( ! > linear 30 ©x=0, L, 2 x L , iXL ---v<o^m\ 



fcO £h (0»t (A-B-C) xia***p&X'£ 

CQ^fe. £h ( 0 > ttSl^fllCOtttmUK i «:fS9& 
-TttK— l"C*4*&. (3) sSJOWfc 

QRcDttrnsAY (x) ^sit^r. t* 

&CAtcJ:0M&tr&ai>« — #. (A-B-C) x 

©{&» (A-B-C) **#&!&5#&£ 0 *CC*CC 
ffft < A - B - C > 

[ 0 0 3 0 ] *"«f 1 Xlli l/T, (12) 3S4"©S 
( i ) Crttr&feaMC. tt« t>2*&< U-tftT 
M©tHHt*flnlrr*. Cfl>4*Kac[)C , i<. 

* ^ - *> 3 £ ^ - h * s> 4 <l ©n ©«r A 
X4* < i ) swc^-y-ciittWKm-aaft, x-yBrtr 
©figemttA t« ( 2 ) sac j: -5-ci6»«ic»a$n 
cn*>©mfiAX, AT*-sce*a* 

nSAYIJ, TiBttSAh (x) jfl^ga-cab&CD^ftfe 

r. ^o^*i@Ah ( ! > t*ftrc***6, turns 



: n v 



! o 



^aliflfl ! ( i > , !.><!> *«** 
( i ) *^«>4. 

[ 0 0 3 1] vt^f'M3 Xfii OTT. <12) SC4>© 
(A-B-C ) **afr4&*K: , @ 3 (CiW 3M»HHQ 

B©*W h*^U- h^^-i>4<c:-fe 9 K/C. 1 @ 
BCD^lESdK*!?^. ffllr. (12) ^«©S ( i ) tt 
8Bll4tt-7R:#t. ff* (A-B-C) i**ttr^*fe» 
40 cc. CQXm (A-B-C) *Mll/. f3tft>*iS^R 

Ah ( ! ) = S ( i ) --(13) 
«:ffiC^ 0 i ltfttttr*«#»6Ah (i ) <tA 

h ( i + 1 ) ©B*, IvX^rtSfelT^o tffcbSltti 
tiB i iTj^If I , B r-i«iJ3n4+* 'J ? s>2©t4Sx 
d©Hfftt, ttMJftttB^toWiTjMt i «©fl*0 

x= i xl • • ( 1 4 ) 

[ o 032] L r . * t y ? t> 2««R«k±©ii- 

50 ^'JttB i i i + 1 ±<Mtc&&t%<QttRSftD 3 m& 
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H 

ftoMmmw (x) it. 3we*s*i4. 

Ah (x) = [LYi < i + 1 ) 
+ £h < i ) 

*K ur ( ! 3 > 3$<t ( i 5 ) SKU: ori^R-S^ 
ffl* WDtftBtfittJWK f# *=>tt4;fc 6 , { 3 ) sttd J: 

6* + "J ?5>2*4*f4. 

[ 0 0 3 3 ] ■ 3 KMXItlVBG)-?;* * 4 0 U C 

LC'itc, 8BR©^-*4 ia*ifiHI«tiTt-4. 

4 1 C0y-M®NMi, S«R«<0(B»flWa«H«tc 

fctf 4IMRI L t -»£ 4 C £ IfitS'* L/C*, B 4 » 

* 4 * T* tlKt© * 5 ft - » *C toft C'o 

«s«taiffl^Ai'4 0t<:ti 1 -*to^A*WT? 

*>>l>-*-*42. 4 3t, -J*®^U-hffl7^^ 
*>h-*-*44. 4 5#J8H£4vC<r>4. H"?-*4 
2. 43:44, 451*. S3 tc^Tc^tC, x^fAi 
yfifrt OTffiVcigFFirh b X ES£ *vr I ' 4. 
[0034] £ 4 0 ©**8*C'faiC, 71/ - h * 

5i«T4o ^-M8^ BSK^-rj^fc. Aft 

tf>-?-*4 l®e¥-?~*4 90>l?*>tt, -vApmr? 
-fjOI"*-*42, 4 3 <*H*> 
7*U-hBr7^> , >h^-i?44, 4 
4 5, 4 7A%s$n4. 3tt**"***4 0±:fl/-h 

J?l77<f >*>h"?-£4 2, 4 3 t. *U-M8±© 
7L/-Hr7^'> h'-?-*ft*?-*4 6, 47£ 

TfttofcW-?-$>4 2. 43; 
4 6,47 Offl«ftftttBSSs«:r 7 > h SIMS 1 
2. lSCCJQItau 9**9-1 LtBtbt/C, H 
7-^42. 43:46, 4 7<0(£B££totf. 1*4 
f!MC£Hla<oa*«:?f ^. 

[0 03 5 ] -?*£4 Q±WA9B7Ujty h^- 
£42, 43<L. 7 r U-hfflT9^>>h^->44 i 
4 5£(*, x. y*|S]KeTTftri2H3nTteO, 2 
BB©S#*fKt*, «*WT5-f h-?-*42 f 

*ttK^tol*Ufc. i./fc^->riBa©S*i2Blao 

«*<L«ffl-Ci*. 7a^77^>0 h-?-i?42. 4 
3<L^U-hffl7^^>*> h-*-*44, 4 5<LC«B 
KW. ^i?4 0i7"l.- h4 8£*r6l# , OMcOfc 

1 0 0 3 6 ] C tiHM, 2 Wto&HtC £ -7 X%h ft 4tS 
4 l©«4 9i*. aeccmf J:^tC. 



(7) ffH¥ 10-2844 1 6 

12 

-AH ( i ) ] x (x/L- i } 

■-•<15) 

-*#2^&4»±ft4. iHfr^¥?~»<QMH£l| 
■MVrMily. COMEtf^6 v ?^>40i^u- 
M8£fl>tiBrna«£U*l< CtfcJ:*), S^©+ 

^?-^0fei©Eft3H^rna«B4ci^r*4. cc 
r'*a»9-i i©*saK*. x*isi^fc*jEiitcajwii/T 

fcO. y1»«c«l«*3WCJ:^i:*BPL'C^*. Lfctf* 
ft < . y attare «fc r*W t,fc c ± k <fc 411 

r. ?^»4 i&e©«£©Hccttx^fM(crnttft 

<. 2BB®Bmicl*9 0&B*l'Tl'fc*>£. 2B 
BOWttSMBK^l^vU*, ?-^4U^l 

Ba©«<t<w#ct*, y^mccrn^ftt*. *&. 2B 

<fc £ OH CC { i . y tffl id 4*?e^ ICJi-yX UltCt tC 
J:4«sKWf4Brn*tl;4. l/fc#^Tw#<C+* 
20 ^©BOy *i«©iE#©^natlta»4C itc J: 

o. ti&tcx^xmiLtccttcx&mm&to&ct 

[0 03 7] '-XK>X'&4X&tl,X. tttt(A-B- 
C) ^*i?>4, H7lti)Wil«C^-*4 KDttfii 

♦j. mmcyfim, f ftfo*>«-*ifii©E(6o(iBrna 
WB?H/fcBT'*4, »*ifi]oE*«>&sr<ia 

-£h (0) + (A-B-C) X| ---- { 1 6) 
£ft4*»£, H7^P* hUte^6B4Mn&0<: 
30 *at>4&, ^©saffiatWtt (A-B-C) ift-S, 
l/^C (12) SfiRJ*fl>tt»Wft¥a!S5SZi h 

( i > **«>4Ct^r'*4o 

[0 03 8] ftfc, »3XBUl«»4ttlHK>HWt 1 
S < i ) ftlttO^AIHMdidlC^a, (A - B- 

o x i &m&bxi>&&zm>xiEu>m®MTt>ti 
1 4o o fe^ o r aDttottWha* i itr 4itm= 

li. S ( i ) ^*ftfci^©itS | J^i-S$ii4Ct^ 

eo* -cjei*©* rna tat* 4 * , < a - b - 

40 C) x 1 |0^HWlnto4b«^A4^6'CA4. 

3EH«)»rnatwtf 4it9j^i. s ( » > **«>fc 

t*0E3lHWSt*:HR**4fe»tcat. ^T^-^4 ! 

S ( i > *3kftft^»MtMmiL&HBtS 
44i»^4. *l't*HWiii#t-a«1t4fc» 
•tc. * ^ J J ^ t>2Qic^|M>MWttK<rft»4R(C t 
2HB©S*©l2Sr-^^>4 0**? ^^^4 
0±©-^-^4 1^3|jfciSgtC-St'r4tC4^6, L 

so ©!B#*jafeOT^A^, 
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[ 0 0 3 9 ] * tcCOH 5 l£lE0WTto&4bm£*i 
WRAt* S < i > *^fct*0IMJjai*-aS-lt 

*. ««^©jflfti^Bgygccj: -iXUBf -6 C i 

*r*at»st. s ( s ) «»fc &*©IH»S ti- 
ssue ±#B»&<t*fc, w*c** 0 

[ 0 0 4 0]* fc, 2 B©a*cc J: y *|fi]©(4sr 

nteswcciitiif hismaK*. x . wt&fttorx , 

*© J: 9 tc i/c y&ifiiotiBf n*fcfcftccHiB-r* c 
ti-C**. TttbfcH8 (a) <t <b> tCSfJ:^ 
tc. ggMtaJfl©-* A £ 6 0 i 7" u- h 6 I ©y tfffl© 
-ittPfc, «i«lWfc©7 5-f->o ht?-$62±7 

IfilCflMMBK. *n«T7 9 7- *6 2 b±7 
t^-£6 3 DtiaS^ C©^?X£60£ 
7U-h6! **ft«v?a 7 U- hXr 

-i>Ktr?Hy. «*6 0±©*B©T^>o|'-* 
-*6 2© J >*>©I -7©7*-f h?-*6 2 at, 
7 U - h 6 1 ±©JB*©7 7*jf>h-?->63©^* 

^i^r^^^^-^aa^T^^o hi/, 

6 1 _t©77<<>> h^-*6 3 b*75-f->0 
CiiaO, -?**6 0±*WI>6 1 ©&&«#«:« 



(8) WB* 10-2844 1 6 

* ( 1.5) a^«fc->rjf^*H«FiU©¥ffl4*«:*s 

2££a?&, *l/1T^**6C'±©1S»©T7 4> , > 
l--?-*62i. 7"u-h6l±©ig&©T?^>>h 
^-^6 3<t©y*|fil(D|SM^r^^>>hP.^l 2 

*fli»rmtr«. *©r. H»7«flt 77^-rf 

> h B»tf 1 2 tc J: »j M) 3 fttcmmimJE. ua C >. 0 

Jfc&8, »«C77^> , > 6 3©f£56 

510 . NeSAic y #rtl©itflM&*7ci ? I* *tW*. ■ a 7 

[o 0 4 2] Kec&sxs&M:. BAJUtaftlMMr 
8 o f*©*H»tt± * c ±te *> . ffit©&s 

(Cfet*£ftRtl©¥BMAli (x) flMf 

i/. *u-msrafc8©¥B**x. <x) <tf& 

21k (x> tt. 
20 Ak <x) = k* (x) - k e <x> 

[ 0 0 4 3] B&Rg©ttS*ft v¥fi£||& h < i ) 

Ak (x) £©&«*, SEfel [ s, i + l ] CtiCL 
k < x) *EM0, ■€-©EB©WJ8'CAh ( ■ > £Ah 
( i + 1 > tfcHW Ak <x) fty*|fijtc: 
0 , M-7 y flifii td*jfc* 3?, iat*T 5 C i K J; f ?t 

^. T&Jbfc&BraeriteAk (x> Kiws-asttfi 

( i ) t?hL. 



[0 04 1 ] ^xmtUm^Xlt ( 1 > a^CfcoTjE 

tii^; r>triEWct»i./, mrtiaAYa, < 1 3 ) * 

ZiH {») =^k (x> +sfx{!)^maq(i> X (x-iXL) 

[ i xL;ix£ ( ! 4 i } XL] (17) 
6Z6 0 ^ * [004 4] x= i XLICM-T, 

Ah { i ) =£k { i xL) +sft (i > ■■ ■ (18) 
T'&O, x= ( i + 1 > x LCCfct^C. 

Ah ( i + 1 > = Ak < ( s + 1 > XL) +sfi ( i ) +■ sna<3 < • > xL 

(19) 

6, 

sfi < i ) =Ah ( s ) -Ak { » XL) (20) 
maq(i) = [Ah ( ! + 1 ) - L k < dH) x L ) 

-^h ( i ) +£k ( > XL) ] /L ••■-(21) 

[ 0 0 4 5 ] Ufc^-p-C. SHiXL^x^ + 

Ah (x) = Ak (x>+sft(!)+maq(i) X { X -|XL) 



(22) 



ttlZ* tctcb. sft < i } . naq < i > t**n*tl (2 
0 > . (2 1) jXX'*§-jLht\&. 2hlC y ^BKXtsfx 
( i ) iniag ( i ) ^^iOnif. aScMUE<C«tt«ii 



[0 04 6] tt^ ^A^^r-S>3^@^L/"c2-t 
+ *-7'i9ciSSW£ 1 ct©IHFliL, W^ii7 

50 §j^2 1 e i©MHL«tl^fk< l/fc&fcccfc. 
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